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Abstract. We report on the discovery of the second case of a galactic Cepheid, ASAS 112843 –5925.7≡HD 304373,
pulsating in the the first (1O) and second (2O) radial overtones. The ratio between the periods (0.8058), the short
value of the 1O period (0.922405 d) and the shape of the 1O light curve makes HD 304373 very similar to the
1O/2O Cepheids in the Magellanic Clouds. The implications of a so close similarity between a galactic 1O/2O
pulsator and LMC ones are discussed in terms of importance of the metallicity effects.
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1. Introduction
The All Sky Automated Survey (ASAS) is a project started
at the beginning of 1996; its ultimate goal is to detect any
kind of photometric variability present on a large area of
the sky (Pojman´sky 1997). The aim has been pursued by
means of an automated mount equipped with a 716x512
pixel meade CCD camera, a 135-mm f/1.8 lens and an
I–band filter. The instrument is located at Las Campanas
Observatory in Chile and in the first three years it sur-
veyed fifty 2x3 deg2 fields. Detailed descriptions of the
project, the instrument, the data reduction and analysis
can be found in three dedicated papers (Pojman´sky 1997,
1998 and 2000).
In 2001 we started a careful re-examination of the pul-
sating stars included in the ASAS catalogue, to find fur-
ther confirmations of the characteristics of Cepheids with
P <8 d, RR Lyr stars and High Amplitude Delta Scuti
stars. Such a re-examination can be useful to detect new
double–mode radial pulsators, which are among the most
elusive variable stars. Their discovery constitutes a con-
tinuous observational challenge in the study of stellar os-
cillations, especially in the Galaxy, where selection effects
are very important. From a physical point of view, the
period ratio directly allows us to identify the pulsation
modes. In turn, the matching of the observed period ra-
tios constitutes a powerful and practical tool to model
the interior of stars. Pardo & Poretti (1997) provide a
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systematic frequency analysis of the available photome-
try of the galactic double–mode Cepheids. Thirteen stars
show the fundamental (F ) period (P0) and the first over-
tone (1O, P1) periods, (P1/P0 between 0.7127 and 0.6968),
only one shows the 1O and second (2O, P2) overtone pe-
riods (CO Aur, P2/P1=0.8008). Therefore, after the de-
tection of a large number of double–mode Cepheids in the
Magellanic Clouds, it is quite evident that the discovery of
new double–mode Cepheids, and in particular new 1O/2O
cases, can help to compare Cepheids of our Galaxy with
those in other ones.
ASAS 112843 –5925.7 has been classified as a RR
Lyr variable with P=0.9220 d (Pojman´ski 2000). The
light curve has an amplitude of 0.22 mag in I–band.
It looks scattered, but no second periodicity has been
suspected during the automatic period search, per-
formed by analysis of variance method (Pojman´ski
1998). The simbad database identifies ASAS 112843
–5925.7 as HD 304373≡TYC 8629-00990-1 (spectral
type F8). tycho photometry yields BT=11.22±0.06 and
VT=10.57±0.05 (Høg et al. 2000).
2. Data analysis
The original dataset consists of 544 measurements in the
I–band. They span about 1000 d, from 1997 April to 2000
January. The first 209 measurements were collected in
40 days in April and May 1997. Later, the survey started
again in October 1998 and lasted until January 2000, only
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stopped for the heliacal conjunction (a gap of 70 day from
August to October 1999). Thanks to this extensive cover-
age, the spectral window shows the 1 cy−1 peak reduced
at only 53% of the power. In many occasions HD 304373
was measured several times during every night and there-
fore the alias at 1 cd−1 is also reduced (55% of the power).
Hence, the dataset on HD 304373 appears very appropri-
ate for an accurate frequency analysis. In order to detect
the frequency content of HD 304373 we applied the same
technique used by Pardo & Poretti (1997). The least–
squares power spectrum method (Vanicˆek 1971) allowed
us to detect one by one the constituent of the light curve.
After each detection, we refined the frequency values by
applying the MTRAP code (Carpino et al. 1987), partic-
ularly suitable for the double–mode pulsation as it keeps
the relationships between the detected terms (i.e., 2f1,
f1 + f2, ...) locked.
A quick glance to the original dataset was enough to
discover the double–mode nature of HD 304373: two terms
at f1=1.084 cd
−1 and f2=1.345 cd
−1 clearly stand out, but
a very high peak appeared at a very low frequency in the
subsequent power spectrum. Therefore, we repeated the
analysis by subdividing the original datasets into subsets
(Tab. 1) as the low–frequency peak suggested the presence
of systematic errors. In the first subset we detected not
only the f1 and f2 term, but also 2f1 and, more hidden
in the noise, f1+f2. In the second dataset we detected
again the f1, 2f1 and f2 terms, but also the f1+f2 and
3f1 ones, which are clearly over the noise. In the third
dataset we only detected the f1, 2f1 and f2 terms. The
second and third subsets had the same mean magnitude,
while the first one showed a remarkable systematic shift
(Tab. 1). Therefore, we built up a homogenous dataset by
shifting all the magnitudes of the first subset by –0.029
mag.
The results of the frequency analysis of such a dataset
is shown in Fig. 1. The first power spectrum is dominated
by the f1=1.0842 cd
−1 term and its alias structure. This
frequency is coincident with that reported in the ASAS
database. The low peak at f2=1.3454 cd
−1 becomes the
highest in the second spectrum. The double–mode nature
of HD 304373 is clearly established looking at these two
panels. The subsequent analysis detected the 2f1 term
(left panel in the middle row) and the coupling term
f1+f2 (right panel in the middle row). The presence
of the coupling term ruled out the possibility of a bi-
nary system composed of two pulsating stars. In the bot-
tom row the signal detection is more complicated. If the
3f1 term can be recognized in the fifth panel, the sixth
one looks characterized by a bunch of frequencies around
integer values of cd−1. One peak structure is at the sin-
odical month (f=0.034 cd−1) and its aliases, reflecting
the Full–Moon interference: this spurious peak is quoted
by Pojman´ski (1998) as a common result in his period
search in the ASAS database. Another one is close to the
f1 value, just at the limit of the frequency resolution. Its
presence can be explained pointing out that the ampli-
tude of the f1 term results smaller in the third dataset
Fig. 1. Power spectra of all the ASAS measurements of
HD 304373. Each panel shows the spectrum obtained
by introducing all the previous identified frequencies as
known constituents; this means that the frequency values
are considered already determined, but their amplitude
and phase values are worked out for each new trial fre-
quency.
(0.067±0.003 mag) than in the other two (0.089±0.002,
0.090±0.002 mag). This term disappears analyzing only
the first two datasets combined together. We also modi-
fied the last 90 measurements by amplifying the contribu-
tion of the first frequency, increasing its amplitude by a
factor 1.33. In such a way, we obtained a dataset in which
the A1 term is constant. The frequency analysis detected
the f1, f2, 2f1, f1+f2, 3f1 and f=0.034 cd
−1terms, but no
peak close to f1. Therefore, it is definitely established that
the smaller A1 amplitude in the third dataset is responsi-
ble for the observed doublet.
3. Least–squares fits and Fourier decomposition
Table 1 reports the parameters of the least–squares fits
obtained by means of the formula
I(t) = Io +
∑
z
Az cos[2pifz(t− To) + φz ] (1)
where fz is the generic frequency, which can be an inde-
pendent frequency (f1and f2), a harmonic (2f1and 3f1) or
the cross coupling term f1+f2. The fits of the three subsets
are reported for comparison purposes; the procedure to
identify the terms present in the light curve of HD 304373
is the same used by Pardo & Poretti (1997, see their
Tab. 3), but here we failed to build a homogenous dataset
owing to the differences in amplitudes. Indeed, the am-
plitude variation of f1 looks big; its instrumental origin is
not confirmed by the values of the f2 term, which remains
constant among the three subsets. Moreover, the ampli-
tude ratio R21 (0.18±0.02, 0.22±0.02 and 0.18±0.04) and
the phase difference φ21 (3.89±0.20, 3.78±0.18, 3.62±0.33
rad) of the f1 term remain constant. That does not sup-
port a beating modulation between two close frequencies
as in this case the shape of the f1 light curve should
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Fig. 2. Light curves of the two independent fre-
quencies f1=1.084123 cd
−1 (upper panel) and
f2=1.345458 cd
−1 (lower panel) as obtained from the
measurements of HD 304373 between JD 2450546 and
2451402.
vary following the beat phase. Our analysis clearly indi-
cates a sudden decrease of the f1 amplitude, but it is not
able to point out the reason precisely. Therefore, we con-
sidered the 454 measurements between JD 2450546 and
2451402 as the final dataset, adjusted for the systematic
differences.
In order to fit the f1 curve three harmonics are neces-
sary, while the f2 curve does not require any harmonics.
Therefore it is possible to calculate the Fourier parameters
only in the former case. The values obtained from the final
dataset are φ21 = 3.80±0.11 rad, φ31 = 1.75±0.23 rad and
R21=0.21±0.02. Figure 2 shows the light curves of the two
periods of HD 304373: the upper curve was obtained by
subtracting the f2 and f1+f2 terms from the measure-
ments, the lower one by subtracting f1, 2f1, 3f1, f1+f2.
Note also that the spurious term at f=0.034 cd−1was not
removed from the data. When considering it, the least–
squares parameters don’t change in a significant way and
the residual rms decreases just a little, to 0.019 mag.
4. The double–mode pulsation
Our analysis detected the simultaneous excitation of two
modes in the light curve of HD 304373: P1=0.922405 d
and P2=0.743241 d. The resulting ratio, P2/P1=0.8058,
is that expected for Cepheids pulsating in the 1O and 2O
radial modes. In the Galaxy there was only one similar
star so far, i.e., CO Aur (P1=1.78303 d, P2=1.42778 d,
P2/P1=0.8008; Mantegazza 1983).
Figure 3 shows the P2/P1 ratio as a function of log P1
period (Petersen diagram) for 1O/2O pulsators in the
Large (Alcock et al. 1999; Soszyn´ski et al. 2000) and in
the Small (Udalski et al. 1999) Magellanic Clouds. The
parabolic fit of the LMC stars shown in Fig. 3 is af-
ter Soszyn´ski et al. (2000), while the linear fit of the
SMC stars has been worked out again. Figure 3 gives evi-
dence that the P2/P1 values are not well separated in the
Magellanic Clouds. It implies that the P2/P1 ratio is less
sensitive than the P1/P0 ratio to the difference in metal-
licity between the Magellanic Clouds. Indeed, the P1/P0
ratio for each galaxy defines three well separated lines in
the Petersen diagram (see Fig. 1 in Soszyn´ski et al. 2000).
The P2/P1 value related to HD 304373 is quite nor-
mal for both samples and very similar to that of ma-
cho*05:30:11.7 -69:52:02, a star belonging to the LMC
(Fig. 3). Moreover, this ratio cannot be matched by the
galactic composition models proposed by Morgan &Welch
(1997), while it can be by the SMC and LMC ones. If
HD 304373 is a normal Pop. I star, its P2/P1 value sug-
gests a small dependence on metallicity, as it does not
change in a environment as the Milky Way, which is more
metallic than the Clouds.
We obtain < I >=16.51 (standard deviation ±0.12
mag) considering the eleven 1O/2O Cepheids with 0.80<
P1 <1.00 d in the LMC (see Tab. 2 in Soszyn´ski et al.
2000). Assuming m − M=18.5 for LMC stars, we get
< MI >=–2.0 for 1O/2O Cepheids. Therefore, I=9.70 lo-
cates HD 304373 at 2.2 Kpc from the Sun. Taking into
account the galactic coordinates (l = 293o, b = 2o),
HD 304373 is 77 pc away from the galactic plane. These
considerations support the hypothesis that HD 304373
is a disk Pop. I star. Christensen-Dalsgaard & Petersen
(1995) pointed out that the matching between the F/1O
ratios for galactic pulsators and the theoretical models
occurs for metallicities smaller than the solar value of
0.017–0.020; if that applies for the 1O/2O pulsators too,
a metallicity close to 0.010 allows the P2/P1 = 0.8058
and P1=0.922405 d values to reasonably fit the theoretical
models (Christensen-Dalsgaard & Petersen 1995; Morgan
& Welch 1997).
Moreover, we notice that the scatter of the P2/P1 val-
ues observed in both Clouds is intrinsic, i.e., originated
from slightly different physical conditions inside the stars
(it is much larger than the error bars on the period ra-
tios, typically a few units of 10−5, since the periods are
known with high accuracy). Therefore, the weak effect of
the metallicity can be masked by other reasons (see also
Fig. 4 in Christensen-Dalsgaard & Petersen 1995).
As in the case of CO Aur, there is no significant
contribution of the 2f2 harmonic in the light curve of
HD 304373, i.e., it is perfectly sine–shaped within error
bars. This is quite common among the 1O/2O pulsators.
On the other hand, the φ21, φ31 and R21 values found for
the 1O light curve of HD 304373 are in excellent agree-
ment with the values observed in the 1O light curves of
1O/2O pulsators in the Magellanic Clouds.
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Table 1. Parameters of the least–squares fits of the ASAS measurements on HD 304373. They are divided into two sub-
sets owing to the different mean magnitudes and to the change in the amplitude of the f1term. T0=HJD 2451026.2671
JD 2450546-2450584 JD 2451109-2451402 JD 2451469-2451583 JD 2450546-2451402
Term Freq. Ampl. Phase Ampl. Phase Ampl. Phase Ampl. Phase
[cd−1] [mag] [rad] [mag] [rad] [mag] [rad] [mag] [rad]
f1 1.084123 0.089 5.82 0.090 5.84 0.067 5.73 0.089 5.83
±.000007 ±.002 ±.03 ±.002 ±.02 ±.003 ±.05 ±.002 ±.02
f2 1.345458 0.028 2.11 0.027 2.06 0.029 2.11 0.028 2.08
±.000021 ±.002 ±.08 ±.002 ±.06 ±.003 ±.10 ±.002 ±.05
2f1 0.016 2.97 0.020 2.90 0.012 2.52 0.019 2.90
±.002 ±.14 ±.002 ±.08 ±.003 ±.23 ±.002 ±.07
f1 + f2 0.010 6.12 0.011 6.10 – – 0.010 6.09
±.002 ±.23 ±0.002 ±.16 ±.002 ±.13
3f1 – – 0.019 0.75 – – 0.008 0.40
±0.002 ±.18 ±.002 ±.17
Mean I magnitude 9.734±.002 9.705±.001 9.704±.002 9.705±.002
Residual r.m.s. [mag] 0.022 0.019 0.019 0.020
N 209 245 90 454
Fig. 3. Period ratios among the 1O/2O pulsators in the
Small (crosses) and Large (circles) Magellanic Clouds. Fits
are also shown. The filled circles indicate the value ob-
served for the galactic 1O/2O pulsators, HD 304373 and
CO Aur.
5. Conclusions
In each class (HADS, RR Lyr and Cepheids) the short-
est period stars are typical of metal–poor environments.
The more evident cases are the very–short period SX Phe
stars observed in globular clusters. HD 304373 has a very
short fundamental period for a classical Cepheid: assum-
ing P1/P0=0.70, we obtain P0=1.32 d. This result sup-
ports the previous discussion, suggesting a low metallic-
ity for HD 304373 and explaining why its P2/P1 value is
so similar to that of 1O/2O pulsators in the Magellanic
Clouds.
From a methodological point of view, we identified the
presence of a peak close to f1 as the result of a smaller am-
plitude in the last observing season. No reasonable physi-
cal explanation has been found and its instrumental origin
is likely. We also detected the influence of a non perfect sky
subtraction or flat–fielding in presence of the Full Moon.
It is interesting to note that this instrumental effect makes
HD 304373 brighter at the New Moon and fainter at the
Full Moon. We stress the importance of checking the ho-
mogeinity of the time–series on pulsating stars before pro-
cessing them.
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